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In the 1980s, the common belief was that venous ulcers
were best managed by conservative compression treatment
because most were thought to be the result of a previous
deep vein thrombosis (DVT) and that there was no avail-
able cure. Therefore, venous ulcers were generally consid-
ered as a true chronic disease where healing, if it ever
occurred, was almost routinely expected to be followed by
episodes of recurrence. Doctors, with few exceptions, took
very little notice of the problem and these patients were
mostly cared for by nurses in the community. Only the
worst cases with complications such as severe pain, swell-
ing, or infection were admitted to hospitals and usually
treated by dermatologists. In general, the diagnosis was
made based on patient history and clinical examination
alone and many patients were actually never properly diag-
nosed at all. One generally thought that most ulcers were
venous and that the rest had an arterial cause or some other
more unusual cause. The situation for patients with leg
ulceration was far from ideal. This was the situation when
we started our research regarding leg ulcer patients in
Skaraborg County in 1988. The results from this research
formed the basis for a completely new management strat-
egy that was launched in 1993. The course that we set out
at that time has been proven to be very accurate and has just
needed some minor adjustments up to this date. This
presentation will show you what we learned, what we
subsequently did to improve the outcome for leg ulcer
patients, and what we achieved on a population basis.
BASELINE STUDIES 1988 TO 1992
The initial studies focused on epidemiology and con-
sisted of three separate studies conducted between 1988
and 1992.1-6 All studies included all types of ulcers, regard-
less of presumed etiology, below knee level, and also in-
cluded foot ulceration. The only requirement was that the
ulcer should have been present for a period of 6 weeks or
longer, to separate chronic from acute wounds. The first
study assessed the point prevalence of ulceration based on
patients known to the health care system in Skaraborg
County (population 270,800) and half of the registered
patients were randomly selected for validating the ulcer
diagnosis.1-3 The second study was a large sized question-naire study sent to 12,000 randomly selected persons (aged
50-90 years) made to assess the true prevalence of ulcer-
ation by also including people in self-treatment.4 Positive
responders were invited to validate ulceration and to assess
the ulcer diagnosis. The third study was undertaken to look
at younger people and to validate the assessment regarding
self-treatment.5 That population was selected and consisted
of 2785 employees at the Volvo motor engine factories in
Skövde. All people reporting history of ulceration were
further investigated clinically andwith bi-directional Dopp-
ler ultrasound scan. These were the investigations used in
all three studies to assess leg ulcer etiology. Color Duplex
ultrasound (CDU) scan resources were not available at that
time. In addition, we undertook a 5-year prospective fol-
low-up study of the patients investigated within the first
epidemiological survey to assess the long-term outcome
regarding healing and ulcer recurrence.6 This follow-up
was done to evaluate the treatment offered to leg ulcer
patients at that time. In that study, interventions were only
made within the study for patients with ulcers of arterial
etiology that had not been cared for.
What did we learn? We learned that the etiological
spectrum is complex and that there aremore diagnoses than
venous and arterial to consider2 (Fig 1).
Clinical assessment must be added with noninvasive
diagnostics such as Doppler ultrasound scan to raise the
diagnostic accuracy to be able to offer the most appropriate
treatment.3 Leg ulceration is common and the point prev-
alence for active ulcers known to the health care system was
0.3%, 0.16% for ulcers with a dominating venous etiolo-
gy.1,3 About 54% had a dominating venous etiology, and if
foot ulceration was excluded, about 70% were venous,
although 25% of these had mixed ulcers with an arterial
component.2,3 Deep venous incompetence (DVI), defined
as Doppler scan-detected reflux in the popliteal vein, was
present in 60% of cases with venous ulcers and the rest had
only superficial venous incompetence (SVI).2 DVI was, in
most of the cases, combined with SVI (76%) and deep vein
obstruction was suspected in only eight limbs.3 Men had
significantly more DVI compared to women. Only 37% had
a history of DVT, 54% for patients with DVI vs 14% for
those with SVI. By using clinical signs alone to diagnose
venous ulcers was insufficient since 1 of 4 patients would
then receive a false diagnosis compared with adding infor-
mation from Doppler scan investigations. Altogether, we
found that 40% of all ulcerated legs showed potentially
surgically curable circulatory disturbances.2
39S
JOURNAL OF VASCULAR SURGERY
November Supplement 201040S AbstractsFrom the population questionnaire study, we learned
that many people are treating ulcers without the aid of
health care professionals and that these people are generally
younger4(Fig 2). We found an equal proportion with ve-
nous ulcers as in the first study. The overall point prevalence
estimate was 0.6% and 0.3% for ulcers of dominating ve-
nous cause. The distribution of DVI vs SVI was also prac-
tically identical to our previous findings. We also learned
that people with a history of previous ulceration were twice
as many as those with open ulceration. Younger people are
more often self-treating, as confirmed by data from the
third study at the Volvo factories where all employees were
below the age of 65.5 In that study, the patients showed less
severe venous insufficiency and only 27% of venous ulcer
patients showed DVI, the rest simply had varicose veins.
Most people (73%) with open ulcers were actually self-
treating their ulcers. The study showed a higher than
expected point prevalence of open ulcers in all age decades
down to the age of 30 years.
The prospective follow-up overall showed a poor prog-
nosis with poor healing and frequent recurrences with
treatment given at that time.6 Venous ulcers had a bad
outcome, only 54% had healed; 44% without recurrence,
Fig 1. Etiologic spectrum for leg ulcers.
Fig 2. Estimated leg ulcer population in Skaraborg County.7and 10% with a recurrence during the study period. At thattime, most venous ulcers were treated with conservative
compression bandaging usually administered by district
nurses in the community. Patients with DVI had a signifi-
cantly worse outcome compared with patients with SVI
alone. Patients with mixed venous and arterial ulcers fared
worst with only 29% healed after 5 years.7 Regarding pa-
tient survival, we found that the patients with venous ulcers
had a 5-year survival equal to an age and sex-matched
control population.
By combining the data from these different studies, we
could calculate a very detailed assessment regarding preva-
lence8 (Table I). We could also estimate the yearly inci-
dence of venous ulcers to 16 per 100,000 regarding pa-
tients receiving professional care and 30 per 100,000 if
including people in self-treatment. We found obesity to be
significantly more prevalent among people with venous
ulcers receiving professional care and also more prevalent
than in age and sex-matched controls from the general
population.3 However, we were not able to detect that
obesity seemed to more prevalent among younger people
with venous ulcers, challenging the concept of venous
ulcers as a true risk factor.8 Patients may actually most often
develop obesity as a result of their ulcer rather than the
opposite.
What did we do? We learned a lot of lessons from
these detailed baseline studies and we also saw opportuni-
ties and a great potential for improvement. Given the
complex etiological spectrum, it was clear that no single
specialist can sort out everything on their own. A multidis-
ciplinary approach seemed most appropriate. Because most
patients were cared for out in the community, we quickly
realized that nurses and auxiliary nurses in the community
had to be involved. Therefore, we adopted multidisci-
plinary teamwork as the key word around these patients.
Guidelines were produced to all employees caring for these
patients and an educational program was started. We had
found that a proper diagnosis was often not performed and
great efforts were done to implement ulcer diagnosis as the
primary goal when first seeing a new patient with ulcer-
ation. Guidelines and video films were produced on how to
perform a preliminary diagnosis with the aid of a hand-held
Table I. Combined prevalence estimates from Skaraborg
County of venous ulcers7
A. Point prevalence of open venous ulcer
Known to
health care
Self-treatment
included
Total population 0.16 0.3
Adult population (15 y) 0.22 0.4
Retired population (65 y) 0.76 1.0
B. Overall prevalence healed and open venous ulcer
Known to
health care
Self-treatment
included
Total population 0.5 1.0
Adult population (15 y) 0.6 1.3
Retired population (65 y) 2.3 3.0
Figures given as percentages.Doppler scan. This was distributed to specialist doctors,
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proper preliminary diagnosis is the key to select patients
with curable circulatory disturbances early and to refer
them to the appropriate specialist if needed.
Organized care pathways were established and a collab-
orative network was created. As soon as we obtained a
CDU scanner, we ensured that our vascular technologists
received appropriate training in venous ultrasound scan-
ning and the capacity was improved to meet the demand.
To improve compression treatment, a nurse-led leg ulcer
clinic was set up in the dermatologic outpatient depart-
ment. Their role was to initiate treatment based on proper
diagnostics and to serve as a backup and a knowledge center
for community and district nurses to turn to when they had
questions regarding treatment. This unit also regularly
arranges practical training courses in compression bandag-
ing and topical wound treatment.
Maybe the most important measure we took was to
promote the use of early venous surgical intervention. This
is recommended for all venous ulcer patients in whom the
ulcer is caused by SVI regardless of whether the ulcer heals
readily on compression treatment or not. It is also recom-
mended for patients with combined SVI/DVI if the ulcers
will not heal or constantly relapses while receiving adequate
compression treatment. Adjunctive superficial or perforator
surgery is not generally recommended if patients with
DVI/SVI are kept healed by the use of fitted compression
stockings. This strategy was also adopted in the treatment
recommendations regarding venous ulcers issued in Swe-
den andNorway in 1995.9 These recommendations are still
valid and are serving as guidelines for the treatment of
venous ulcers in both countries.
The final big step in creating a comprehensive manage-
ment of the leg ulcer problem was taken in 1999 when the
Skaraborg Leg Ulcer Center was established by creating
inhospital facilities dedicated to the care of patients with leg
ulceration. The inpatient ward has 14 beds shared by
vascular surgery, dermatology, and the department of in-
fectious diseases. A quite unique interdisciplinary coopera-
tion that now has been working well for the last 10 years,
really encouraging rapid interdisciplinary consultations
with a minimum of bureaucracy. The most important steps
in the newly adopted management strategy are listed in Fig
3. During the last 5 years, we also have developed a website
for interactive learning for health care professionals regard-
ing diagnosis, treatment, bandages, compression stockings,
wound care products, and secondary prophylaxis regarding
leg ulceration. The site uses audiovisual tools to facilitate
learning. The website is called sarwebben (sårwebben) and
is easily found through a Google search.
To attract people to seek professional help earlier is one
very important task because we found that nearly half of all
patients with venous ulcers were in self-treatment and,
because most of these patients are younger and with less
severe disease, the majority can actually be cured by venous
surgery (Fig 2). It is, therefore, important with public
relations and to convey good results into the media and/orspreading information using the internet. Hopefully, that
will result in more people seeking professional care earlier.
REPEAT STUDIES 2002 TO 2005
We set up and conducted two studies to assess the
result of our efforts on a population basis. The first study
was performed identical to the first baseline study with the
exception that the randomly selected sample of venous
ulcer patients were now, in addition, also examined with
CDU.10 Overall, we found a 23% reduction of the number
of patients with leg ulceration. The patients were a few years
older and, after correction for age, the female/male ratio
was close to one, indicating that more men came under
professional care than in 1988. As in 1988, the great
majority was managed out in community care.
The second study was performed slightly different to
the baseline population questionnaire. This time, question-
naires were sent out to 10,000 randomly selected inhabit-
ants in Skaraborg (population 250,000) but included a
wider age range, 30 to 90 years. The previous baseline
study encompassed the age group 50 to 90 years and was
sent out to 6000 people in Skaraborg and to 6000 people in
the city of Malmö. The data from the present study have
not yet been fully analyzed, but a preliminary comparison
of the age decades assessed that both studies show lowered
prevalence in all 4 decades indicating that the lowered
prevalence of ulceration within the health care system also is
detectable within the population as a whole (Fig 4). This
means that it is unlikely that people in self-treatment has
increased but more probably has decreased, which may
imply that more people seek professional care now com-
pared to in 1990.
What did we achieve? To sort out this question, we
were actually in a rather unique position having thorough
baseline epidemiological data to look back on and solid
data from the repeat studies to compare with. In 1999, I
wrote that “There is a real potential to reduce the leg ulcer
population substantially, probably by one-half, within a
decade from now.”7 Have we been able to achieve that?
Fig 3. Strategy for improving outcomes for patients with leg
ulcers. CDU, Color Duplex ultrasound.When venous ulcers are concerned, we have probably done
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reduction of venous ulceration within the Skaraborg pop-
ulation based on patients receiving professional care (Figs 5
and 6).
The point prevalence was reduced from 0.16% down to
Fig 4. Preliminary data comparing point prevalence of open leg
ulcers in 1990 and 2005.
Fig 5. Changes observed of the etiologic spectrum.10
Fig 6. Estimated number of leg ulcer patients according to di-
agnosis.0.09%.10 Interestingly, a reduction was also seen for arterialulcers whilst relative increases were noticed for multifacto-
rial and diabetic ulcers (Fig 6), which indirectly indicates
that a methodological error is less likely to be the cause of
observed changes. The reduction of venous ulcers was also
in line with the preliminary data from the population ques-
tionnaire study in 2005 (Fig 4). It is interesting to note that
only the ulcer types in which surgical intervention was a
primary treatment option have been reduced.
How do we know that venous surgery made a differ-
ence? We do not know that for sure, but some evidence
comes from a prospective study of intervention with super-
ficial venous surgery and superficial endoscopic perforator
vein surgery for venous ulcers in Skaraborg County per-
formed between 1993 and 1998.11 That study showed
good healing (87%) and exceptionally low long-term recur-
rence rates with a follow-up of 5 years for all survivors.
Although we also tried to optimize conservative compres-
sion treatment, there are no data in the literature to support
that compression ever has had such a profound impact on
the long-term outcome. The results from the ESCHAR
trial12,13 in the United Kingdom strongly support the view
that surgical treatment plus compression is better than
compression alone (grade A recommendation evidence
level 1b), which confirms that our strategy from the begin-
ning, promoting superficial venous surgery, was correct. In
Scotland, a nationwide randomized study14 failed to detect
any benefit from a nurse-training program, attempting to
achieve more appropriate conservative compression man-
agement. The reasons for the failure in that study were
lacking specialist support, insufficient CDU resources, and
reluctance to using venous surgery according to the au-
thors. That study followed the Scottish national guidelines
on the care of patients with chronic leg ulcers issued in
1998.15 The recommendations were graded based on sci-
entific evidence, and at that time surgical intervention only
got a grade B recommendation with evidence strength 11b,
thus less than compression treatment that was given grade
A evidence level 1a, the strongest recommendation, but
that was only regarding healing. For secondary prevention,
only compression was assessed and got a grade A recom-
mendation, although there were data already at that time
supporting a more beneficial effect from surgery. The ES-
CHAR study12,13 has since then clearly shown that surgery
is better than compression alone in preventing recurrence.
This example shows that evidence-based recommendation
can sometimes make it difficult for new promising treat-
ments to break through. Still it is important to optimize
conservative care, because not all venous ulcer patients are
suitable for vein surgery or endovascular interventions, and
that was also an integrated part of our management strat-
egy.
Apart from a substantial reduction of venous ulcer
prevalence and marked changes in the etiological spectrum
of limb ulceration in Skaraborg, we also found that SVI
alone (56%) now is more common than DVI in legs with
diagnosed venous ulcers.Most deep reflux was axial accord-
ing to CDU. Incompetent leg perforators were present in
63% of limbs with SVI and in 85% of limbs with DVI based
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history of DVT, which was lower than the 25% found in
1988. This result opens the way for further possible reduc-
tions of venous ulcer prevalence because the majority seems
to be potentially curable by superficial vein surgery or
perhaps endovenous interventions, if endovenous treat-
ments in the future will be shown to be equally effective in
patients with venous leg ulcer. However, the scientific
evidence for the latter is still nonexistent.
Primary prevention. Could a lowered incidence of
venous ulcers have had an impact on the observed result?
There is not much information on the incidence of venous
ulcers published. In one study from the United States,16
the yearly incidence had remained unchanged during a
25-year period; the overall age and sex-adjusted incidence
was 18 per 100,000 person years. From New Zealand,17
the annual cumulated incidence rate of lower limb ulcer-
ation was 32 per 100,000.We do not know the proportions
having venous ulcers in that study, but a reasonable guess
would be around 50%, leaving an incidence figure similar to
the United States estimate. Based on our studies from
Skaraborg, we could retrospectively estimate the yearly
incidence to one-tenth of the point prevalence giving an
incidence of 16 per 100,000 based on patients receiving
professional care3 and a total figure of around 30 per
100,000 if people in self-treatment are included.8 In sum-
mary, the yearly incidence of venous ulcers is likely to be in
the region of 15 to 30 per 100,000. We have no updated
figures showing that the incidence really have gone down.
It is theoretically possible that liberal and long-term use
of regular varicose vein surgery could influence the inci-
dence over time. In Skaraborg, we have been pretty liberal
in accepting patients with symptomatic varicose veins for
surgical treatment. We have operated on approximately
200 patients/100,000 population per year, but you have to
do that for many years to detect an effect in the leg ulcer
population.18 Table II shows the calculated target popula-
tion for surgical intervention divided into cohorts based on
severity of venous disease and number needed to treat to
prevent one venous ulcer. The target population was esti-
mated based on prevalence data from the Bonn vein study
in Germany.19
The fact that DVI is less often found in patients with
venous ulcers today might have been an effect of improved
Table II. Number needed to treat to prevent one venous
ulcer in various selected cohorts18
Cohort
Estimated target
population in
Sweden
Number needed
to treat 
NNT
All with VV 2,000,000 400
All with symptomatic VV 500,000 100
All with VV  edema 400,000 80
All with skin changes 40,000 8
NNT, Number needed to treat; VV, varicose veins.primary prevention of DVT. Thrombosis prophylaxis istoday well-established and routine in orthopedic and gen-
eral surgery and that was not the case in 1988. Further
more effective and aggressive treatment of DVTmight also
have had a preventive effect, but whether that is true or not
remains to be shown. More frequent use of compression
stockings after a DVT, as recommended in the Swedish
National Guidelines from 2004,20 is another thing that
might have had an impact, but there are no data to prove
that either.
SUMMARY
The Skaraborg population is probably the most well
examined population in the world when leg ulceration is
concerned. Through the baseline epidemiological studies
in 1988 to 1992, we learned a lot and these studies also
revealed new opportunities and areas for improvement. Leg
ulcer management was radically changed into multidisci-
plinary care, teamwork, and organized care pathways to-
gether with continuous educational efforts for all levels of
health care professionals. Early Doppler scan-aided diagno-
sis and increased use and promotion of early surgical inter-
vention for superficial venous incompetence and perforat-
ing vein incompetence were probably the most important
steps that we introduced in the management plan. The
repeat epidemiological studies performed from 2002 to
2005 have shown a reduction of leg ulcerations in general
and a 46% reduction of venous leg ulcers. These are unique
data showing a true change detectable in the general pop-
ulation and not only within a selected study cohort, as
usually is the case with randomized trials. The management
strategy seems to have markedly changed the situation for
many leg ulcer patients, in particular for patients with
venous leg ulcers. The result so far clearly indicates that the
course we set in the beginning of the 1990s was correct and
that reducing venous ulcer prevalence by 50% is not a
utopia.
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DECREASING VENOUS ULCERS BY 50% IN 10
YEARS: FIVE CRITICAL ISSUES IN THE
DIAGNOSIS AND INVESTIGATION OF
VENOUS DISEASE
—Gregory L. Moneta, MD, Portland, Ore
Identification of issues related to the diagnosis and
investigation of venous disease that can be feasibly solved
and contribute to the reduction of venous ulcers by 50% in
10 years requires centering the discussion on applications of
investigational techniques that are already available but
underutilized. With respect to the diagnosis and investiga-
tion of venous disease, the vascular laboratory, the basic
coagulation laboratory, and the old-fashioned physical ex-
amination can play crucial roles in achieving this goal.
Given the goal of reducing venous ulcers by 50% in 10
years, a relatively short time-frame in the grand scheme of
medical progress, this presentation will concentrate on the
role of already established techniques that are easily per-
formed with equipment currently available in virtually allhospitals. This means, with respect to the vascular labora-
tory, restricting the discussion to the role of duplex scanning
in achieving the goal. Other vascular laboratory techniques
such as air plethysmography and photoplethysmography
could conceivably be important and certainly have been im-
portant in the investigation of venous disease in the past or in
a research setting. However, with the exception of duplex
scanning, no other vascular laboratory technique is suffi-
ciently accepted and widely available to play a practical role
in the reduction of venous ulcers by 50% in 10 years.
Development of new technology or the acquiring of new
data will not be considered as this would not fit the 10-year
time line. There are certainly many facets of venous diag-
nostic testing that, once addressed, will aid in providing
better and more scientifically based care for the venous
patient. These include dissemination of accepted uniform
testing protocols, establishment of normal ranges, agree-
ment on what constitutes significance within patient
change after an intervention for venous disease, and accep-
tance of performance of specific examinations most likely to
identify venous pathology or abnormal physiology that are
tailored to patient presentation. Other reasonable goals for
venous diagnostics include determining what patterns or
reflux and hemodynamic abnormalities correlate with
CEAP class and what patterns or reflux and hemodynamic
abnormalities correlate with response to therapy. However,
these goals will require longer than 10 years to achieve or
will not necessarily directly impact the patient with or at risk
for a venous ulcer.
Venous ulcers, as we all know, arise secondary to both
primary venous insufficiency and as the most severe com-
plication of the postthrombotic syndrome. Whereas the
percentage of venous ulcers secondary to primary or post-
thrombotic disease varies from practice to practice, a rea-
sonable generalization is to assume 30% to 40% of venous
ulcers are secondary to primary venous insufficiency and
most of the remainders are secondary to a postthrombotic
process with perhaps a few developing primarily in associa-
tion with increased intra-abdominal pressure of morbid
obesity without coexisting detectable venous obstruction
or venous reflux. The vascular laboratory cannot help much
with the morbid obesity problem but has a great role in
reducing postthrombotic ulcers and ulcers secondary to
primary venous disease.
Five priority issues related to investigation of patients
that are feasible to be solved in achieving the goal of
reducing venous ulceration by 50% in 10 years are:
1. Education of primary care providers with respect to the
findings on physical examination that suggest venous
insufficiency potentially leading to venous ulcer.
2. More widespread application of venous reflux testing in
patients with preulcerative skin changes.
3. More widespread application of venous reflux testing in
patients with ulcers.
4. Increased use of coagulation testing to determine dura-
tion of anticoagulation.
